ABSTRACT-Variants of malignant RAW117 lymphosarcoma cell lines were selected by sequential nonadherence to polystyreneImmobilized lectlns. Parental murine lymphosarcoma line RAW-117-P grew In suspension and was rapidly bound by Immobilized concanavalin A (Con A), Ricinus communis agglutinin I (RCAI), peanut agglutinin (PNA), or wheat germ agglutinin (WGA). After attachment of most cells to lectin-substituted petri dishes, the unattached cells «1%) were removed by aspiration and subcultured. Selection by nonadherence to Immobilized lectlns was repeated seven to ten times, and the resulting cell lines were tested in BALB/c mice to determine their malignant potentials. Parental line RAW117-P formed few (median, 0; range, 0-20) liver tumor colonies per 5x10' Iv Injected cells after 14 days, whereas a variant line selected ten times on Immobilized Con A (RAW117-P Con d'o,) formed a median of 95 (range, 9->200) liver colonies. RAW117-P cells selected by nonadherence on immobilized WGA, PNA, or RCAI showed no increase in liver tumor formation compared to the cells of the parental line. In contrast, RAW117-H10, a variant line selected ten times In vivo for liver colonization, formed more than 200 liver tumor colonies, and selection eight times on Immobilized WGA yielded a line (RAW117-H10 WGA"8) that formed a median of only 1 (range, 0-4) tumor colony. Variants of the RAW117-H10 line selected on Immobilized RCAI, Con A, or PNA still formed more than 200 liver tumor colonies. 1251-labeled lectin-binding studies Indicated decreased lectin-binding sites on the In vivo and some of the immobilized lectin-selected lines. Autoradlographs of '''I-labeled Con A-stained sodium dodecyl sulfate polyacrylamide gels showed a decrease In the major Con A-staining band (mol wt, =70,000) In the in vivo and Immobilized Con A-selected lines. These studies Indicated that alterations In cell surface lectin receptors could modify in vivo malignant behavior. -JNCI 64: 1241-JNCI 64: -1249-JNCI 64: , 1980 Lectins, proteins, or glycoproteins that bind to specific carbohydrates of glycoproteins on the surfaces of mammalian cells (1-3) can be used to select or separate distinct cell populations. For example, different functional classes of lymphoid cells have been fractionated by agglutination of lectin-reactive subpopulations and separation of the aggregates from unagglutinated cells (4-8). With the use of immobilized lectins, highly immunogenic subpopulations of Ll210 leukemia cells have been obtained by cell fractionation on Con A bound to nylon (9).
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Surface components of tumor cells have been implicated in the determination of their malignant behavior (10) (11) (12) . In particular, modifications in lectin-binding surface components can lead to alterations in malignant properties. Tao and Burger (13) reported a loss of malignancy associated with the Bl6 melanoma lines by selection for cells resistant to toxic concentrations of WGA. Recently, we have used a murine lymphosarcoma cell line to select in vivo for variant lines with enhanced abilities to colonize livers of BALB/c mice (14) . We now describe in vitro cell selections with the use of immobilized lectins to obtain variants with altered malignancy in vivo. Utilizing the low malignant parental line RA W1l7 -P lymphosarcoma, we have sequentially selected for decreased adherence to immobilized Con A, yielding variant lines with increased in vivo malignancies. Furthermore, in vitro selection on immobilized WGA of a malignant lympholiarcoma variant RAW1l7-HIO originally selected ten times in vivo for liver colonization has led to variant lines with decreased malignancies.
MATERIALS AND METHODS
Tumor cells.-RAW1l7-P parental and RAWIl7-HlO lymphosarcoma cell lines (14) and in vitro-selected subpopulations were grown as suspension cultures in plastic petri dishes (Falcon Plastics, Oxnard, Calif.) with the use of DMEM supplemented with 10% heatinactivated (56 0 C, 30 min) fetal bovine serum (Flow Laboratories, Irvine, Calif.) without antibiotics. Cells were tested routinely for mycoplasma with the use of a modification of the nucleoside phosphorylase assay (15) and the uridine/uracil ratio assay (16) and were negative in both tests.
Biologic assays.-Lymphosarcoma cells were washed three times in serum-free DMEM and injected iv (5,000 cells) in 0.2 ml serum-free DMEM. After 14 days, mice were anesthetized and the livers were perfused in situ with 4% Formalin in phosphate-buffered saline [0.15 M 1.2 Christopher L. Reading, 3. 4 Paula N. Belloni, 3 and Garth L. Nicolson 3. 5. 6. 7
Selection and In Vivo Properties of Lectin-Attachment Variants of Malignant Murine Lymphosarcoma Cell Lines
ABSTRACT-Variants of malignant RAW117 lymphosarcoma cell lines were selected by sequential nonadherence to polystyreneImmobilized lectlns. Parental murine lymphosarcoma line RAW-117-P grew In suspension and was rapidly bound by Immobilized concanavalin A (Con A), Ricinus communis agglutinin I (RCAI), peanut agglutinin (PNA), or wheat germ agglutinin (WGA). After attachment of most cells to lectin-substituted petri dishes, the unattached cells «1%) were removed by aspiration and subcultured. Selection by nonadherence to Immobilized lectlns was repeated seven to ten times, and the resulting cell lines were tested in BALB/c mice to determine their malignant potentials. Parental line RAW117-P formed few (median, 0; range, 0-20) liver tumor colonies per 5x10' Iv Injected cells after 14 days, whereas a variant line selected ten times on Immobilized Con A (RAW117-P Con d'o,) formed a median of 95 (range, 9->200) liver colonies. RAW117-P cells selected by nonadherence on immobilized WGA, PNA, or RCAI showed no increase in liver tumor formation compared to the cells of the parental line. In contrast, RAW117-H10, a variant line selected ten times In vivo for liver colonization, formed more than 200 liver tumor colonies, and selection eight times on Immobilized WGA yielded a line (RAW117-H10 WGA"8) that formed a median of only 1 (range, 0-4) tumor colony. Variants of the RAW117-H10 line selected on Immobilized RCAI, Con A, or PNA still formed more than 200 liver tumor colonies. 1251-labeled lectin-binding studies Indicated decreased lectin-binding sites on the In vivo and some of the immobilized lectin-selected lines. Autoradlographs of '''I-labeled Con A-stained sodium dodecyl sulfate polyacrylamide gels showed a decrease In the major Con A-staining band (mol wt, =70,000) In the in vivo and Immobilized Con A-selected lines. These studies Indicated that alterations In cell surface lectin receptors could modify in vivo malignant behavior.-JNCI 64: 1241-1249, 1980.
Lectins, proteins, or glycoproteins that bind to specific carbohydrates of glycoproteins on the surfaces of mammalian cells (1-3) can be used to select or separate distinct cell populations. For example, different functional classes of lymphoid cells have been fractionated by agglutination of lectin-reactive subpopulations and separation of the aggregates from unagglutinated cells (4) (5) (6) (7) (8) . With the use of immobilized lectins, highly immunogenic subpopulations of Ll210 leukemia cells have been obtained by cell fractionation on Con A bound to nylon (9) .
MATERIALS AND METHODS
Biologic assays.-Lymphosarcoma cells were washed three times in serum-free DMEM and injected iv (5,000 cells) in 0.2 ml serum-free DMEM. After 14 days, mice were anesthetized and the livers were perfused in situ with 4% Formalin in phosphate-buffered saline [0.15 M NaCl-Om M phosphate (pH 7.4)] and excised. After fixation of the livers for 24 hours in buffered Formalin, a small portion of the livers was removed for histologic examination, and the livers were transferred in turn to 50% ethanol (2 hr), water (5 min), Harris hematoxylin (10 min), 1% concentrated HCl in 70% ethanol (2 changes, 5 min each), and water (5 min) and then returned to buffered Formalin. After this procedure, the lymphosarcoma surface colonies appeared as dark purple spots on a lavender background and were easily counted with or without the aid of a dissecting microscope. Liver colony assays were confirmed by histologic examination. Some of the fixed liver tissue was processed for paraffin embedding, and sections (3-5 J,Lm) were stained with H & E.
Lectins.-Affinity PNA was a gift from Dr. Reuben Lotan, University of California, Irvine, California, and was prepared as previously described (17) . RCAI , Con A, and WGA were prepared according to published procedures (18) (19) (20) . Lectins were radio labeled with 125 1 by means of the chloramine-T method (21) , repurified by affinity chromatography, and dialyzed extensively against DPBS (Grand Island Biological Co., Grand Island, N.Y.). Quantitative lectin-binding assays were performed essentially according to the technique of Novogrodsky et al. (22) . Cells were washed three times in DPBS and incubated at 5XI0 6 cells/ml in DPBS with 0.1 % sodium azide containing approximately 2.5XlO s cpm 12sl_labeled lectin (specific radioactivity, 10 6 cpm/mg) with or without 50 mM specific monosaccharide inhibitor at 4° C. After a 30-minute incubation with occasional gentle mixing in 1.5 ml polypropylene microtubes, the samples were mixed by pipetting with an automatic pipette, and 100 J,Ll of the sample was layered over 200 J,Ll of dibutylphthalate:dioctylphthalate (1:1 vol/vol) in a O.4-ml micro tube and centrifuged for 15 seconds in a Beckman microcentrifuge. The tubes were cut above the cell pellet, and the lower portion was counted in a Beckman ~amma counter. The amount of specifically bound 2sl-labeled lectin was calculated by subtraction of the amount of 12s1 bound in the presence of specific saccharide inhibitor.
Immobilized lectins.-Lectins were covalently coupled via their free amino groups to the carboxylic acid groups exposed on polystyrene petri plates by a watersoluble carbodiimide (23) by means of the following procedures. Lectins dissolved at 2 mg/ml in DPBS containing 100 mM specific monosaccharide inhibitor were filter sterilized. The coupling reagent l-cyclohexy 1-3 -(2-morpholinoethy I )-carbodiimide metho-p-toluene sulfonate (Aldrich Chemical Co., Inc., Milwaukee, Wis.) was dissolved in DPBS at 10 mg/ml and filter sterilized immediately before use. The two solutions were mixed in equal portions, and 1 ml was placed in each 35-mm (diameter) petri dish (Falcon Plastics). The reaction was allowed to proceed for 30 minutes at room temperature, and the plates were washed extensively with sterile DPBS. Plates stored for 1 year in the cold were still active in binding cells. 117-P or RAW1l7-HIO lymphosarcoma cells (10 6 cells) were washed in 15 ml DPBS by centrifugation, resuspended in 1 ml DPBS, and incubated in 35-mm petri dishes containing immobilized lectin for 30 minutes at 25° C with occasional rocking. At that time most cells were bound to the surfaces of the lectin-coated petri dishes. The few cells remaining in suspension « 1 %) were aspirated, washed by centrifugation in 15 ml DMEM containing 10% fetal bovine serum, and subcultured. After the cells grew to a density of approximately 10 6 /ml, they were harvested and the selection process was repeated on the same immobilized lectin. Line RAWI17-P was selected once on immobilized Con A, WGA, PNA, or RCA to obtain lines RAW1l7-P Con A"I, RAW1l7-P WGA"I, RAW1l7-P PNA"I, or RAW1l7-P RCA"I, respectively. The first selections of RA W1l7 -HIO on immobilized lectins gave rise to lines RAW1l7-HIO Con A"I, RAW1l7-HIO PNA al , RAW117-HIO RCA"\ and RAW117-HIO WGA"I. Further selection of line RAW1l7-P Con A"I on Con A-substituted plates (second round of selection) yielded line RAW-117-P Con A"2. Similar selection of RAW1l7-HIO Con A"I on immobilized Con A gave rise to line RAW 117-HIO Con A"2, and so on. Using this sequential selection procedure, we eventually obtained lines RAW1l7-P Con A"IO, RAW117-P WGA alO , RAW1l7-P RCAt lO , RAW1l7-P PNA"IO, RAW117-HIO Con A" 10, RAW117-HIO RCAl a1o , RAW117-HIO PNA"IO, and RAW117-HI0 WGA"IO. Analysis of Con A-reactive glycoproteins.-Cells were washed three times in DPBS and resuspended at 2X107/ ml in a solution containing 1% Nonidet P40, 50 mM phosphate (pH 7.4), and 10 J,LM phenylmethylsulfonyl fluoride. After 30 minutes on ice, the nuclei were removed by centrifugation (5 min, Beckman microcentrifuge), and the samples were prepared and separated by electrophoresis in 7.5% polyacrylamide gels containing SDS (24) . The proteins were fixed and stained, and the gels were destained (25) . Thoroughly washed gels were treated with 12sl_labeled Con A (l08 cpm/gel, 1 mg) according to the technique of Burridge (26), washed in DPBS, and dried between sheets of dialysis tubing (BioRad, Richmond, CaliL). The dried gels were autoradiographed with intensifying screens (27) .
RESULTS

Binding and spreading of cells onto immobilized
lectins.-Most of the RAW117 lymphosarcoma cells attached within 10-15 minutes to petri dishes containing covalently bound Con A, RCA!, WGA, or PNA, and attached cells spread onto the lectin-coated surface within 30 minutes at 25° C. Lymphosarcoma cells failed to attach to untreated petri plates or plates with covalently bound horse immunoglobulin ( fig. 1 ). Adherent cells could not be eluted with specific lectin inhibitory monosaccharides when present at concentrations up to 200 mM. After the cells were bound, attempts to mechanically dislodge the cells by pipetting the culture· fluid resulted in cell lysis. After the 30-NaCl-Om M phosphate (pH 7.4)] and excised. After fixation of the livers for 24 hours in buffered Formalin, a small portion of the livers was removed for histologic examination, and the livers were transferred in turn to 50% ethanol (2 hr), water (5 min), Harris hematoxylin (10 min), 1% concentrated HCl in 70% ethanol (2 changes, 5 min each), and water (5 min) and then returned to buffered Formalin. After this procedure, the lymphosarcoma surface colonies appeared as dark purple spots on a lavender background and were easily counted with or without the aid of a dissecting microscope. Liver colony assays were confirmed by histologic examination. Some of the fixed liver tissue was processed for paraffin embedding, and sections (3-5 J,Lm) were stained with H & E.
Immobilized lectins.-Lectins were covalently coupled via their free amino groups to the carboxylic acid groups exposed on polystyrene petri plates by a watersoluble carbodiimide (23) by means of the following procedures. Lectins dissolved at 2 mg/ml in DPBS containing 100 mM specific monosaccharide inhibitor were filter sterilized. The coupling reagent l-cyclohexy 1-3 -(2-morpholinoethy I )-carbodiimide metho-p-toluene sulfonate (Aldrich Chemical Co., Inc., Milwaukee, Wis.) was dissolved in DPBS at 10 mg/ml and filter sterilized immediately before use. The two solutions were mixed in equal portions, and 1 ml was placed in each 35-mm (diameter) petri dish (Falcon Plastics). The reaction was allowed to proceed for 30 minutes at room temperature, and the plates were washed extensively with sterile DPBS. Plates stored for 1 year in the cold were still active in binding cells. 117-P or RAW1l7-HIO lymphosarcoma cells (10 6 cells) were washed in 15 ml DPBS by centrifugation, resuspended in 1 ml DPBS, and incubated in 35-mm petri dishes containing immobilized lectin for 30 minutes at 25° C with occasional rocking. At that time most cells were bound to the surfaces of the lectin-coated petri dishes. The few cells remaining in suspension « 1 %) were aspirated, washed by centrifugation in 15 ml DMEM containing 10% fetal bovine serum, and subcultured. After the cells grew to a density of approximately 10 6 /ml, they were harvested and the selection process was repeated on the same immobilized lectin. Line RAWI17-P was selected once on immobilized Con A, WGA, PNA, or RCA to obtain lines RAW1l7-P Con A"I, RAW1l7-P WGA"I, RAW1l7-P PNA"I, or RAW1l7-P RCA"I, respectively. The first selections of RA W1l7 -HIO on immobilized lectins gave rise to lines RAW1l7-HIO Con A"I, RAW1l7-HIO PNA al , RAW117-HIO RCA"\ and RAW117-HIO WGA"I. Further selection of line RAW1l7-P Con A"I on Con A-substituted plates (second round of selection) yielded line RAW-117-P Con A"2. Similar selection of RAW1l7-HIO Con A"I on immobilized Con A gave rise to line RAW 117-HIO Con A"2, and so on. Using this sequential selection procedure, we eventually obtained lines RAW1l7-P Con A"IO, RAW117-P WGA alO , RAW1l7-P RCAt lO , RAW1l7-P PNA"IO, RAW117-HIO Con A" 10, RAW117-HIO RCAl a1o , RAW117-HIO PNA"IO, and RAW117-HI0 WGA"IO. Analysis of Con A-reactive glycoproteins.-Cells were washed three times in DPBS and resuspended at 2X107/ ml in a solution containing 1% Nonidet P40, 50 mM phosphate (pH 7.4), and 10 J,LM phenylmethylsulfonyl fluoride. After 30 minutes on ice, the nuclei were removed by centrifugation (5 min, Beckman microcentrifuge), and the samples were prepared and separated by electrophoresis in 7.5% polyacrylamide gels containing SDS (24) . The proteins were fixed and stained, and the gels were destained (25) . Thoroughly washed gels were treated with 12sl_labeled Con A (l08 cpm/gel, 1 mg) according to the technique of Burridge (26) , washed in DPBS, and dried between sheets of dialysis tubing (BioRad, Richmond, CaliL). The dried gels were autoradiographed with intensifying screens (27) .
RESULTS
Binding and spreading of cells onto immobilized
lectins.-Most of the RAW117 lymphosarcoma cells attached within 10-15 minutes to petri dishes containing covalently bound Con A, RCA!, WGA, or PNA, and attached cells spread onto the lectin-coated surface within 30 minutes at 25° C. Lymphosarcoma cells failed to attach to untreated petri plates or plates with covalently bound horse immunoglobulin ( fig. 1 ). Adherent cells could not be eluted with specific lectin inhibitory monosaccharides when present at concentrations up to 200 mM. After the cells were bound, attempts to mechanically dislodge the cells by pipetting the culture· fluid resulted in cell lysis. After the 30-minute incubation, less than 1% of the total cells remained in suspension. Harvesting of the first cycle of nonadherent cells from dishes containing immobilized Con A, RCA I , WGA, or PNA yielded variant lines RAW1l7-P Con A"1, RAW1l7-P RCA"I, RAWlI7-P WGA"I, and RAW117-P PNA"I, respectively, from the parental RAW1l7-P line and RAW117-HIO Con A"1, RAW1l7-HIO RCA"I, RAWI17-HIO WGA"I, and RAW-117-HIO PNA"I, respectively, from the highly malignant HIO variant line.
Cell selections were continued for several cycles to obtain variant lines with stable in vivo properties. Although some of these lines demonstrated changes in liver tumor colony formation ability, lectin-binding sites, and glycoprotein lectin receptors on polyacrylamide gels, the lines continued to bind to lectinsubstituted plates (>95% bound in 30 min).
Biologic assays.-Sequential selection of the parental cell line five or six times on immobilized WGA, PNA, or RCAI did not significantly alter the in vivo malignant properties (median tumor colonies per liver = 0) of these in vitro selected cell lines compared to the parental RAW1l7-P line (median = 0, table 1). However, selection of line RAW 117 -P by nonadherence to immobilized Con A resulted in variant subpopulations wi th increased malipnancy. Lines RAW 117 -P Con A"5, RAW1l7-P Con A a , RAW117-P Con A"9, and RAW-117-P Con A alO yielded at least ten times the median numbers of liver tumor colonies compared to the yield of RAW1l7-P. Several selections of the RAW1l7-HI0 variant line on immobilized Con A, PNA, or RCAI failed to alter the normally high malignant potential (>200 tumors/liver), but selection of the RAW1l7-HIO line by nonadherence to immobilized WGA resulted in a decrease in malignancy to a level (median tumors per liver, 0) more similar to that of the parental RAW117-P line (table 1) .
Histologic examination of the fixed liver tissue confirmed the gross observations in all cases. Liver tumor colonies were rarely found in the animals given
Lectin Variants of Murine Lymphosarcoma 1243
injections of RAW117-P, and the liver tissue appeared normal ( fig. 2) . Extensive lymphosarcomas were apparent in most of the animals given injections of the more malignant RAW1l7-P Con A"9 line (fig. 3) .
Quantitative lectin binding.-The results of 1251_ labeled Con A and 1251_labeled WGA binding to some of the lymphosarcoma variant lines are presented in ta ble 2. Paren tal line RAW 11 7 -Peon tained a pproximately 2XlO7 and 6.5X107 binding sites per cell for Con A and WGA, respectively. Seven selections of the parental RAW1l7-P population on immobilized Con A ( line RAW Il7 -P Con A"7) resulted in a reduction to about 69% of the Con A-binding sites found on the parental cells. Likewise, selections of the RAW1l7-HIO population ten times on immobilized Con A or WGA resulted in variant lines RAW117-HIO Con A"10 or RAWIl7-HIO WGA"10 that possessed about 75 or 88% of the Con A-or WGA-binding sites, respectively, compared to RAW1l7-HIO cells. The highly malignant in vivo-selected RA W117-HIO line had only about 64% of the binding sites for WI-labeled Con A when compared to those of the parental RAWI17-P line. One subculture of the RA WIl7 -HIO line exhibited decreases in malignancy to low levels comparable to those of the RAW117-P parental cells. This line, termed RAWIl7-HIOR (phenotypic reversion), showed increases in 1251_ labeled Con A binding to 162 or 104% compared to those in RAW1l7-HIO or RAW117-P cells, respectively.
Analysis of Con A-reactive glycoproteins.-Autoradiographs of polyacrylamide gels labeled with 125 1_ labeled Con A indicated changes in Con A-binding glycoproteins on some in vitro-selected lines (fig. 4) . The major Con A-binding component on the lymphosarcoma RAWI17-P parental cells appeared to be a glycoprotein with an apparent molecular weight of approximately 70,000. This band was markedly decreased in electrophoresis gels containing the in vivoselected RAW1l7-HIO line and was reduced in the case of the in vitro-selected RAW1l7-P Con A"7 line. The Con A-reactive glycoprotein band (=70,000 mol wt) re-
-Liver tumors from in vitro selected lymphosarcoma cells injected iv, (5,000 cells)
Cell line RAW117-P RAW117-P PNA's RAW117-P RCA'S RAW117-P WGA'6 RAW117-P Con A's RAW117-P Con A'7 RAW117-P Con A" RAW117-P Con A'IO RAW117-H10 9, 37,62,93,95, 97, >200, >200, >200, >200 46, 51, 62, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200" >200: >200: >200: >200: >200: >200· >200: >200: >200: >200: >200: >200· >200: >200: >200: >200: >200: >200· 0,0,0,0,0,0,56,59,>200 0, 0, 0, 0, 0, 1, 1, 1, 4
• Animal died before assay date. Postmortem examination indicated >200 liver tumors. Cell selections were continued for several cycles to obtain variant lines with stable in vivo properties. Although some of these lines demonstrated changes in liver tumor colony formation ability, lectin-binding sites, and glycoprotein lectin receptors on polyacrylamide gels, the lines continued to bind to lectinsubstituted plates (>95% bound in 30 min).
Biologic assays.-Sequential selection of the parental cell line five or six times on immobilized WGA, PNA, or RCAI did not significantly alter the in vivo malignant properties (median tumor colonies per liver = 0) of these in vitro selected cell lines compared to the parental RAW117-P line (median=O, table 1). However, selection of line RAW 117 -P by nonadherence to immobilized Con A resulted in variant subpopulations wi th increased malipnancy. Lines RAW 117 -P Con N 5 ,
, and RAW-117-P Con A alO yielded at least ten times the median numbers of liver tumor colonies compared to the yield of RAW117-P. Several selections of the RAW1l7-HI0 variant line on immobilized Con A, PNA, or RCAI failed to alter the normally high malignant potential (>200 tumors/liver), but selection of the RAW117-HIO line by nonadherence to immobilized WGA resulted in a decrease in malignancy to a level (median tumors per liver, 0) more similar to that of the parental RAW117-P line (table 1) .
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injections of RAW1l7-P, and the liver tissue appeared normal ( fig. 2) . Extensive lymphosarcomas were apparent in most of the animals given injections of the more malignan t RAW 117 -P Con N 9 line ( fig. 3) . Quantitative lectin binding.-The results of 125 1_ labeled Con A and 125 1_labeled WGA binding to some of the lymphosarcoma variant lines are presented in ta ble 2. Paren tal line RAW 11 7 -P con tained a pproximately 2XlO7 and 6.5X107 binding sites per cell for Con A and WGA, respectively. Seven selections of the parental RAW1l7-P population on immobilized Con A (line RA WIl7 -P Con N7) resulted in a reduction to about 69% of the Con A-binding sites found on the parental cells. Likewise, selections of the RAW1l7-HIO population ten times on immobilized Con A or WGA resulted in variant lines RAW1l7-HIO Con N 10 or RAWIl7-HIO WGN 10 that possessed about 75 or 88% of the Con A-or WGA-binding sites, respectively, compared to RAW1l7-HIO cells. The highly malignant in vivo-selected RA W117-HIO line had only about 64% of the binding sites for WI-labeled Con A when compared to those of the parental RAWIl7-P line. One subculture of the RA WIl7 -HIO line exhibited decreases in malignancy to low levels comparable to those of the RAW1l7-P parental cells. This line, termed RAWIl7-HIOR (phenotypic reversion), showed increases in 125 1_ labeled Con A binding to 162 or 104% compared to those in RAW1l7-HIO or RAW117-P cells, respectively.
Analysis of Con A-reactive glycoproteins.-Autoradiographs of polyacrylamide gels labeled with 125 1_ labeled Con A indicated changes in Con A-binding glycoproteins on some in vitro-selected lines (fig. 4) . The major Con A-binding component on the lymphosarcoma RAWI17-P parental cells appeared to be a glycoprotein with an apparent molecular weight of approximately 70,000. This band was markedly decreased in electrophoresis gels containing the in vivoselected RAW117-HIO line and was reduced in the case of the in vitro-selected RAWIl7-P Con N7 line. The Con A-reactive glycoprotein band (=70,000 mol wt) re-
-Liver tumors from in vitro selected lymphosarcoma cells injected iv, (5,000 cells)
Cell line RAW117-P RAW117-P PNA's RAW117-P RCA'S RAW117-P WGA'6 RAW117-P Con A's RAW117-P Con A'7 RAW117-P Con A" , 97, >200, >200, >200, >200 46, 51, 62, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200, >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200: >200" >200: >200: >200: >200: >200: >200· >200: >200: >200: >200: >200: >200· >200: >200: >200: >200: >200: >200· 0,0,0,0,0,0,56,59,>200 0, 0, 0, 0, 0, 1, 1, 1, 4
• Animal died before assay date. Postmortem examination indicated >200 liver tumors. appeared in the in vitro-selected RAWI17-HIO WGA"8 ( fig. 4 ), which showed a decrease in the malignant properties compared to those displayed by the RAW 117-HIO line. The areas in the gel corresponding to these bands were cut out and counted in a gamma counter (table 3) . Autoradiographs of gels labeled with 125 1_ labeled WGA failed to demonstrate binding to bands in this region.
DISCUSSION
Cell-selection procedures have yielded variant cell lines with altered displays and/or quantities of lectinbinding sites (13, 2b-43) . Some but not all of these variant cell lines have decreased numbers of lectinbinding sites compared to those seen in unselected parental lines (34) (35) (36) . Loss of lectin-binding sites on the selected variant cells has been attributed in some cases to decreased activities of specific glycosyltransferases (38, 44, 45) and in one case to a defect in lipidlinked oligosaccharide biosynthesis (41) . When compared to the unselected lines, other lectin-resistant variant cell lines do not show decreases in the number of lectin-binding sites (31-33, 35, 42, 43, 46) , but they do show changes in specific endocytosis (46, 47) , agglutination (31) , clustering of intramembranous particles (32) , and increases (42) or decreases (40) in amount or exposure of specific cell surface glycoproteins.
lNCI, VOL. 64, NO.5. In the present report, a selection procedure based on the failure of the cell to attach rapidly to immobilized lectins substituted onto petri dishes was used to select lectin adherence variants of RA Wl17 lymphosarcoma lines. Compared to parental lines, the lectin adherenceselected RA Wl17 lines all showed decreases in lectinbinding sites, though all of the adherence-selected lines still bound to a variety of immobilized lectins. The lymphosarcoma cells used in the present study firmly attached to lectin-substituted petri dishes and could not be removed with monosaccharides that inhibit cell binding. Similar observations have been made for thymocytes bound to Con A-substituted agarose beads (23) and Ll210 leukemia cells bound to Con Aimmobilized nylon fibers (9); however, for Con Asubstituted nylon fibers, bound cells could be removed by "plucking" the fibers (48, 49) . Saccharide-mediated cell elution has been successful with HeLa cells bound to Lens culinaris lectin coupled to agarose beads (50) .
Previous studies have utilized lectin-coated surfaces to induce cell adhesion and spreading (51, 52) . Our results indicate that immobilized lectins can be utilized to obtain tumor cell lines with alterations in cell surface components and malignant potentials. Sequential selection of the highly malignant RAW II7 -H 10 line on immobilized WGA yielded variant lines with decreased malignancy similar to the observation of Tao and Burger (13), who found that Bl6 melanoma variant cells resistant to cytotoxic concentrations of WGA were also less malignant than unselected cells.
The in vitro selection of the RAWII7-P cells on immobilized Con A results in a subpopulation of cel~s with properties different from those obtained by fractionation of Ll210 tumor cells on immobilized Con A (9). Using the RAW117-P parental lymphosarcoma cell line of low malignancy, we sequentially selected by nonadherence on immobilized Con A and obtained a variant cell line (RAWII7-P Con A"1O) that shows an increase in liver tumor colony formation and a decrease in the number of Con A-binding sites compared to those of the parental cell line. Analysis of the Con Areactive glycoproteins in SDS-polyacrylamide gels demonstrates a decrease in the major Con A-staining band. This Con A-reactive component of approximately 70,000 molecular weight is lost in the in vivo-selected highly malignant RA Wl17 -HIO line but reappears in the in vitro-selected RAWII7-HIO WGA"8 line that has lost in vivo malignancy. Lactoperoxidase-catalyzed cell surface iodination or metabolic labeling with C 4 C]glucosamine also detected loss of a component of about 70,000 molecular weight on the RAW117-HIO line compared to the RAW117-P. Thus the glycoprotein probably is actually decreased in amount on the in vivo and immobilized lectin-selected lines rather than being present at the same level without its Con A-binding sites.
The mechanism of decrease of the approximately 70,000-molecular-weight Con A-reactive component during the selection of the RAWI17-P parental line on immobilized Con A has not been established. Presumably, cells with"lower numbers of lectin-binding sites 1244 Reading, Belloni, and Nicolson appeared in the in vitro-selected RAWI17-HIO WGA"8 ( fig. 4 ), which showed a decrease in the malignant properties compared to those displayed by the RAW 117-HIO line. The areas in the gel corresponding to these bands were cut out and counted in a gamma counter (table 3) . Autoradiographs of gels labeled with 125 1_ labeled WGA failed to demonstrate binding to bands in this region.
lNCI, VOL. 64, NO. 5. MAY 1980 In the present report, a selection procedure based on the failure of the cell to attach rapidly to immobilized lectins substituted onto petri dishes was used to select lectin adherence variants of RA Wl17 lymphosarcoma lines. Compared to parental lines, the lectin adherenceselected RA Wl17 lines all showed decreases in lectinbinding sites, though all of the adherence-selected lines still bound to a variety of immobilized lectins. The lymphosarcoma cells used in the present study firmly attached to lectin-substituted petri dishes and could not be removed with monosaccharides that inhibit cell binding. Similar observations have been made for thymocytes bound to Con A-substituted agarose beads (23) and Ll210 leukemia cells bound to Con Aimmobilized nylon fibers (9); however, for Con Asubstituted nylon fibers, bound cells could be removed by "plucking" the fibers (48, 49) . Saccharide-mediated cell elution has been successful with HeLa cells bound to Lens culinaris lectin coupled to agarose beads (50) .
Previous studies have utilized lectin-coated surfaces to induce cell adhesion and spreading (51, 52) . Our results indicate that immobilized lectins can be utilized to obtain tumor cell lines with alterations in cell surface components and malignant potentials. Sequential selection of the highly malignant RAW II7 -H 10 line on immobilized WGA yielded variant lines with decreased malignancy similar to the observation of Tao and Burger (13) , who found that Bl6 melanoma variant cells resistant to cytotoxic concentrations of WGA were also less malignant than unselected cells.
The in vitro selection of the RAWII7-P cells on immobilized Con A results in a subpopulation of cel~s with properties different from those obtained by fractionation of Ll210 tumor cells on immobilized Con A (9) . Using the RAW117-P parental lymphosarcoma cell line of low malignancy, we sequentially selected by nonadherence on immobilized Con A and obtained a variant cell line (RAWII7-P Con A"1O) that shows an increase in liver tumor colony formation and a decrease in the number of Con A-binding sites compared to those of the parental cell line. Analysis of the Con Areactive glycoproteins in SDS-polyacrylamide gels demonstrates a decrease in the major Con A-staining band. This Con A-reactive component of approximately 70,000 molecular weight is lost in the in vivo-selected highly malignant RA Wl17 -HIO line but reappears in the in vitro-selected RAWII7-HIO WGA"8 line that has lost in vivo malignancy. Lactoperoxidase-catalyzed cell surface iodination or metabolic labeling with C 4 C]glucosamine also detected loss of a component of about 70,000 molecular weight on the RAW117-HIO line compared to the RAW117-P. Thus the glycoprotein probably is actually decreased in amount on the in vivo and immobilized lectin-selected lines rather than being present at the same level without its Con A-binding sites.
The mechanism of decrease of the approximately 70,000-molecular-weight Con A-reactive component during the selection of the RAWI17-P parental line on immobilized Con A has not been established. Presumably, cells with"lower numbers of lectin-binding sites are not bound as rapidly to the immobilized lectins. However, the origin of cells with decreases in specific surface components could be due to sequential mutation events during the growth of the cells after each selective cycle or to selection of preexisting variants in the population. We have recently cloned the RAW1l7-P Con A'to line and found many clones with high levels of a 70,000-molecular-weight component and low malignancy and a few clones (2/68) with a low 70,000-molecular-weight component and high malignancy (Reading CL, Brunson KW, Torrianni M, Nicolson GL: Submitted for publication). This finding may explain the variability in the RAW1l7-P Con A'10 line in in vivo assays. The probability of a few highly malignant cells in the population arresting in the liver after injection of only 5,000 cells may be low. In addition, individual animals may respond differently to a "threshold" level of malignant cells. Evidence from cloning experiments has established that fibrosarcoma, sarcoma, and melanoma lines contain cells of widely divergent malignant and metastatic potentials (53) (54) (55) (56) , and this heterogeneity exists between clones of recently established lines (55) . If variants exist in the uncloned parental population, these may be enriched only in the in vitro-or in vivo-selected cell lines. In addition, revertant subcultures could arise, possibly from slight changes in culture conditions that alter the relative growth rates of cell subpopulations. Alternatively, cloned metastatic tumor cells may be unstable in their malignant phenotypes; this has been observed in some UV light-treated fibrosarcoma, vasoformative sarcoma, and RAWl17 lymphosarcoma cell lines. (Fidler IJ, Nicolson GL: Unpublished observations).
Phenotypic instability has also been observed in the expression of surface markers on recently cloned cell populations (57) . Alternatively, the expression of the Con A-reactive approximately 70,000 molecular-weight glycoprotein could be due to some epigenetic factor. The RAWIl7-P lymphosarcoma line was induced in vitro from spleen cultures of BALB/c mice infected by the Abelson leukemia virus (58) , and expression of the virus might alter cell surface composition by changes in amounts or types of viral glycoproteins or immunogenicity via viral glycoproteins or virus production.
The nature of the approximately 70,000-molecularweight Con A-reactive component is still under investigation, but preliminary evidence suggests that it is the major virus envelope gp70. The double band found at approximately 70,000 molecular weight is stained with rabbit anti-Moloney antiserum followed by 125 I_Iabeled protein A, and we have detected a tenfold decrease in gp70 between the RAWI17-P and the in vivo-selected lines by means of a competition radioimmunoassay with 125 I-Iabeled Moloney gp70 (Reading CL, Brunson KW, Torrianni M, Nicolson GL: Submitted for publication). If the approximately 70,000-molecular-weight band is the Abelson complex virus glycoprotein, the in vivo selections of RA W1l7 -P for enhanced malignancy may be similar to those of the simian virus 40-transformed AL/N mouse fibrosarcoma in normal mice (59) in which tumor-forming cells lose simian virus 40
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surface antigens due to immunologic selection against simian virus 40 surface antigen-positive cells. Here the host immune sytem may also eliminate RAW1l7 cells with strong viral antigens present on their surfaces and allow only growth of cells that contain less gp70.
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The nature of the approximately 70,000-molecularweight Con A-reactive component is still under investigation, but preliminary evidence suggests that it is the major virus envelope gp70. The double band found at approximately 70,000 molecular weight is stained with rabbit anti-Moloney antiserum followed by 125 I_Iabeled protein A, and we have detected a tenfold decrease in gp70 between the RAWI17-P and the in vivo-selected lines by means of a competition radioimmunoassay with 125 I-Iabeled Moloney gp70 (Reading CL, Brunson KW, Torrianni M, Nicolson GL: Submitted for publication). If the approximately 70,000-molecular-weight band is the Abelson complex virus glycoprotein, the in vivo selections of RA W1l7 -P for enhanced malignancy may be similar to those of the simian virus 40-transformed AL/N mouse fibrosarcoma in normal mice (59) 
